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INTRODUCTION

Multiple-task performance measures occasionally have been used to
predict success in flight training. The rationale behind the use of
these scores is that they measure timesharing skills, the skills involved
in performing two or more tasks concurrently. It has been assumed that
timesharing skills contribute substantially to operational effectiveness
and that they are different from those skills measured by paper-and-
pencil tests and single-task psychomotor tests. Measures of timesharing
skill, therefore, could improve the overall predictive validity of a
selection battery for advanced stages of flight training.

The first major investigation of multiple-task measures as predictors
of success in pilot training was undertaken by the Army Air Force in
World War II (Melton, 1947). Performance on the pursuit rotor task
with divided attention was used to predict success in subsequent stages
of pilot training. The predictive validity of this task was quite low,
approximately .20, considerably lower than the predictive validities of
several other apparatus tests such as the complex coordination test (.40).

Later attempts to predict pilot performance from multiple-task measures
have been more successful. Trankell (1959) has described a timesharing
test used by the Scandanavian Airline System to select pilots for their
training program. The test consisted of two patterns of circles connected
with straight lines. One pattern was for the right hand and one for the
left. The candidate held a pencil in each hand and moved the pencils
alternately from circle to circle along the lines to the beat of a metronome
while solving a number of intellectual problems. A subjective rating of

performance in this test had the highest correlation with success in pilot
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training of any test administered (.42) based on a sample of 363 experienced
pilot applicants.

North and Gopher (1976) tested 32 student pilots at the commencement
of a private pilot course. Each student performed a one-dimensional
compensatory tracking task and a choice reaction time task alone and then
together. The system dynamics of the tracking task were adapted to correct
for individual differences in timesharing skills. Measures of single-task
and multiple-task performance were correlated with instructor's assessments
of student capabilities. Only multiple-task measures correlated reliably
with these ratings.

Jacobs (1976) examined the effects of three types of flight simulator
motion on transfer of basic flight skills to the aircraft. Each of 36
subjects was assigned to one of four groups on the basis of a composite
performance score from the Gopher and North (1976) dual-task test. The
composite consisted of normalized performance scores on four measures:
the acceleration component in adaptive tracking, correct response time,
the ratio of the single- to dual-task RMS error, and the ratio of single-
to dual-task correct response time. The composite score correlated .40
with trials to criterion in the aircraft (p < .05), .45 with errors to
criterion (p < .01), and .47 with time to criterion (p < .01).

Damos (1978) examined 33 students enrolled in aprivate pilot course.
Before these students began training, they simultaneously performed a
one-dimentional compensatory tracking task and a choice reaction time task

at 1, 2, and 3 bits of stimulus information. Cross-adaptive logic was used

to keep performance on the tracking task within narrow error limits,
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thereby casting the variance associated with individual differences into
the reaction time measure.

The Illinois Private Pilot Flight Performance Scale (Povenmire,
Alvares, and Damos, 1970) was administered to all students after 10, 20,
and 30 hours of flight training. The multiple correlations between scores
c1 this gcale after each period of flight training and reaction times
at the three levels of information were .59, .63, and .68. Of these
three correlations only the last is statistically reliable. However, it
should be noted that the correlation increased as a function of interpolated
flight training.

Although the studies by Trankell (1959), North and Gopher (1976),
Jacobs (1976), and Damos (1978) suggest that performance on a multiple
task can predict success in training, these studies have a number of short-
comings. First, neither Trankell nor Damos assessed single-task performance
on either of the component tasks. Thus, the predictive correlations could
reflect the relation between the component skills and the criterion behavior.
Second, although Jacobs' composite did correlate reliably with three measures
of aircraft performance, it contained dual- as well as single-task measures.
Subsequent analyses indicated that only single-task tracking scores correlated

reliably with two of the measures. Third, although North and Gopher found

reliable correlations between instructor ratings of student ability and dual-
task performance measures, they did not examine actual flight performance.
Finally, none of these four studies demonstrated that timesharing skills
actually were required to perform the test battery. Since one purpose of

multiple-task testing is to assess timesharing skills, it seems necessary

to demonstrate that these skills are required by the test combination.
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The experiment described in this paper compares the predictive
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involved demonstrably in the performance of the dual task.

l validities of single- and dual-task measures when timesharing skills are
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IDENTIFICATION OF TIMESHARING SKILLS

A technique developed and more fully described by Damos (1977) was
used to isolate timesharing skills. This technique, which is illustrated
in Figure 1, divides training into two stages. During Stage 1, which
involves single-task training, each component task is practiced until
performance has stabilized. 1In Stage 2, which is predominately dual-
task training, single~task performance is reassessed periodically to
determine its stability. If dual-task performance improves during Stage
2 while single-task performance remains stable, the improvement may be
attributed to the development of timesharing skills. ) ‘

To demonstrate statistically the development of timesharing skills
using this technique, a two-factor (secondary-task load by trials)
analysis of variance is applied to the Stage 2 data. Both the main
effect of secondary-task load and the interaction of secondary-task load
with practice must be statistically reliable. The main effect indicates
a dual-task decrement in performance and the interaction in conjunction
with stable single-task performance implies that improvement in dual-task

performance is the result of improved timesharing skills and not of

improved single-task skills.




-~ = Single-task
—— Dual - task

L

l~—Stage 4 - Stage 2 —]
Practice Trials —

Figure 1. An example of the measurement technique used to identify time-
1 sharing skills., During Stage 1 practice on each component
. task is continued until performance begins to stabilize.
* During Stage 2, practice is primarily on the dual-task
- combination. However, single-task performance is periodically
. reassessed to determine its stability.




Subjects

A total of 66 flight-naive male volunteers between the ages of 18
and 30 were sdlected to participate in the experiment from those who
replied to advertisements in a student newspaper and posters placed in
various university buildings. These subjects were recruited to partici-
pate in an experiment on the effects on augmented feedback on learning
(Lintern, 1978). Because the Lintern study required the subjects to reach
criterion on several different maneuvers in a simulator, it was of interest
to eliminate individuals who could not reach criterion before they began
the experiment. Two of the tasks reported in this paper, dual-task tracking
and the Bennett Test of Mechanical Comprehension, were used as selection
devices for Lintern's experiment. A cutting score was established for the
Bennett Test of Mechanical Comprehension based on published test norms and
the results of previous work by Damos (1977). Five subjects had scores
below this cutoff and were subsequently eliminated. Four more subjects
had scores below a cutoff point on the dual-task tracking, which again was

established based on previous work by Damos (1977).

Tasks

Tracking test. Two identical one-dimensional compensatory tracking tasks
required the subject to keep a moving circle centered in a horizontal track
by making appropriate left-right manipulations of a control stick. One
task was controlled by each hand. Under single-task conditions the display
was centered on the face of a CRT. Under dual-task conditions the tracking

task controlled by the subject's right hand was presented slightly to the

right of the center of rhe display and below the left-hand task, which was




displaced slightly to the left of the center of the display. The visual

angles subtended by the dual-task display were 4.05° horizontally and
0.70° vertically (.07 by .0l rad). The inputs to the tasks were indepen-
dent random forcing functions with upper cutoff frequencies of .32 Hz.
The control systems had identical mixed first- and second-order dynamics
with weightings of .10 and .90 respectively.

Simulator test. The simulator test consisted of six repetitions of

each of three maneuvers: a level 90° turn to the left or right, a 500

fpm descent, and a 500 fpm descent followed by a power-off stall after
level-off. For each maneuver three flight parameters, such as airspeed,
were selected for seoring. If the subject exceeded the criterion, perfor-
mance on that parameter was scored as an error. Thus, the error score on
each maneuver could range between 0 and 3. Bank, altitude, and roll-out
heading were scored for level turns; altitude, heading, and airspeed for
descents; altitude, heading, and airspeed for descents followed by a
stall. The following criteria were used for each parameter: bank, * 100;
altitude, * 100 feet; roll-out heading, * 100; and airspeed, * 10 mph.

Performance on the last four repetitions of each maneuver was scored

independently by the instructor and the experimenter.

Apparatus
Tracking test. The tracking tasks were presented on a 10.2 x 7.6 cm
Hewlett-Packard Model 1300A cathode ray tube. A Raytheon 704 computer

generated inputs for the tasks, recordéd and processed the subject's

responses, and timed the trials. The subjects were seated approximately

120 cm from the display.
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Two identical Measurement Systems Incorporated Model 435 two-axis
spring-centered control sticks were used. Both sticks were modified to
permit movement in the left-right dimension only. The control sticks
were mounted in adjustable arm rests attached to the subject's chair.

Simulator test. The simulator test was conducted in a Singer-Link

General Aviation Trainer (GAT-2). The flight characteristics of the
GAT-2 were modified to approximate those of a Piper Cherokee Arrow. All
maneuvers were executed in the landing configuration with wheels down and
flaps 20° extended. A performance scale, in the form of a booklet with
instructions, was used to rate the subjects on selected maneuvers. The
scale was similar to that developed by Povenmire, et al. (1970). All

training and testing were done without simulator motion.

Procedure

Session 1. Subjects were tested with Form S of the Bennett Test of
Mechanical Comprehension (1969). After the subjects finished this test,
they began the tracking test. The subjects first completed four single-
task trials (commencing the sequence with the nonpreferred hand) followed
by 25 dual-task trials. After the subjects finished the dual-task trials,
they performed one single-~task trial with each hand beginning again with
the nonpreferred hand. All trials were 1 min long. A 5-min rest
pause was given after Trials 13 and 21; l-min rest pauses were given
after all other trials. The average absolute error scores for each trial
were displayed throughout the subsequent rest period. Taped instructions

were played to the subjects before the first single- and dual-task trials.

The subjects were informed of the number of trials to be completed.
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Session 2. Subjects completed audio-visual lessons, loaned by the
Jeppesen-Sanderson Company, on flight instruments, basic aerodynamics,
and basic flight maneuvers. At the end of this session subjects sat in
a front seat of the GAT-2 and listened to a tape describing the controls
and instruments. Finally, the subjects were given a workbook and told to
complete a written exercise on the flight maneuvers to be practiced in
the next lesson.

Session 3. A qualified flight instructor taught subjects pitch
control, rudder-aileron coordination, 90° level turns, power management,
descents, and stalls, all by instrument reference. During the course
of the instruction the subjects attempted six level turms, descents,
and stalls. The final four attempts of each maneuver were scored and

composed the simulator test.




RESULTS

Performance on the tracking task as a function of practice is showm
in Figure 2. The intercorrelations between the 31 tracking trials are
given in Table 1.

The tracking data were examined for evidence of the development of
timesharing skills using the technique discussed in the Identification of
Timesharing Skills Section. The analysis was performed on the data from
Trials 4 (single-~task), 5 (dual-task), 29 (dual-task), and 30 (single-task).
A two-way analysis of variance indicated reliable main effects of trials
(Fl,56 = 230.91, p < .001) and task load (F1,56 = 771.39, p < .001) and
a reliable load by trials interaction (F1,56 = 154.63, p < .001).

The preceding analysis indicates that timesharing skills were learned
under dual-task tracking. Because all of the simulator maneuvers
presumably require some timesharing, the predictive validities of single-
task and dual-task tracking may be compared for evidence that measures of
timesharing behavior are better predictors of flight performance than their
single-task counterparts.

Several methods of combining simulator data into a unitary performance

metric were explored. Principal component and iterated principal factor

analyses (Dixon and Brown, 1977) were performed on the maneuver score
correlations to identify single factors that could be used as criterion
measures. Subsequently, single- and dual-task tracking scores were
correlated with the single factor from the principal components analysis,
the factors from the iterated principal factor analysis, arbitrary combin-

ations of maneuvers, and the simple sum of the instructors' and observer's
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scores on all maneuvers. In all analyses the pattern of results and the
size of the correlations did not vary substantially from those of the
simple sum of the maneuver scores. Therefore, all further analyses were
conducted only on the sum of the maneuver scores which is referred to as
the simulator score. The correlations between single-task and dual-task
tracking performance and the simulator score as a function of practice
are shown in Figure 3.

Figure 3 indicates a slow improvement in dual-task correlations over
the 25 trials while early single-task performance falls monotonically
with practice. Bacause the dual-task correlations fluctuate greatly from
trial to trial, it was decided to average dual-task performance over a
small number of trials to obtain more stable estimates of the predictive
validity of dual-task measures. A close examination of the means and
standard deviations of each dual-task trial revealed that the standard
deviations within blocks of five trials were very homogeneous; in the
worst case the standard deviations varied by a factor of 1.60. Therefore,
the scores were averaged over blocks of five trials and new correlations
were calculated on the averages. The correlations between the simulator
score and dual-task performance on Blocks 1 through 5 were .139, .204,
.206, .271, and .287 respectively. The correlations between the simulator
score and the first four single-task trials were .194, .103, .059, and

-.012 respectively. The correlations with the last two single-task trials

(Trials 30 and 31) were .214 and .284.

e et a e A e o
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DISCUSSION

The purpose of this experiment was to compare the predictive validity
of single- and dual-task performance measu~es when timesharing skills were
ivwolved in the performance of the dual task. To demonstrate the development
of timesharing skills using the technique discussed in the Identification
of Timesharing Skills Section, the data must show a reliable main effect of

secondary-task load and a reliable secondary-task load by trials interaction.

. Both these effects were evident in the data. Additionally, single-task

performance must remain stable during the period in which timesharing skills
are learned. Although the error decreased 4% between Trials 5 and 30
indicating some continued improvement in single-task tracking skills, this
change is desirable in that it indicates that performance had not yet
reached asymptote and avoided a single-task ceiling effect that would have
made interpretation of subsequent improvements in dual-task performance
difficult. Additionally, the change in single-task performance was small
compared to the corresponding dual-task change during the same period (26%)
and it seems evident that timesharing skills developed in this combination.
Although the interaction between secondary-task load and practice is
interpreted as evidence for the development of timesharing skills, there
are, however, at least two alternative explanations that must be considered.
One explanation is that the interaction indicating the development of
timesharing skills rests on a number of questionable assumptions about the
metric of the dependent variables. Therefore, it may be argued that a

transformation of the data could eliminate the interaction. To test this

hypothesis, a log transformation, which represents an extreme transformation
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for these data, was performed on the tracking data. An ANOVA on the

transformed data revealed reliable main effects of load (F1 56 = 884.6793,
»
}
p < .01) and trials (F1 56 = 179.3592, p < .01) and a reliable load by
?
trials interaction (F1,56 = 47.8006, p < .01).

The second explanation i1s that single-task processing becomes more
efficient with practice (consumes less of the operator's attentional
resources) even as single-task performance remains unchanged. Norman
and Bobrow (1975) have proposed that the performance-resource function--
that function which relates performance to the quantity of resources
invested--can be differentiated into resource-~limited regions in which the
quality of performance is proportional to the resources invested and
data-limited regions in which performance is unchanged by investment or
withdrawal of resources. The explanation of the effects described above
would posit that single-task performance is data limited and that the
amount of resources required to reach that data limited region becomes
progressively less with practice. Thus, the combined resource demands of

the two component tasks performed concurrently fall into a resource-limited

region and become correspondingly less after practice than before. There-
fore, dual-task performance will improve even as data-limited single-task
performance remains constant.

However, the processing demands of the tracking task are such that
it 1s unlikely that this task could be described as data limited. The
tracking task per se does not impose demands that would exceed any processing
characteristics that might represent sources of data limitation (e.g.,

capacity of short-term memory, speed of response, or resolution of perceptual
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processing). Therefore, it seems that this explanation cannot account for
the data and that the changes in dual-task performance are the result
of the development of timesharing skills.

Because the ANOVA shows evidence for the development of timesharing
skills under dual-task conditions, the predictive validity of the single-

task tracking trials can be compared to that of the dual-task trials. As

. i
t

indicated in the last paragraph of the Results Section, the dual-task

tracking scores have no obvious advantage over the late single-task tracking

scores (Trials 30 and 31).

However, Figure 3 shows that the correlations between the first four
single-task tracking trials and the simulator score decrease monotonically
with practice while the dual-task correlations increase with practice. To
determine if there is a significant decrease in the predictive validity of
the early single-task trials as a function of practice, the correlations
were transformed to z scores. A Pearson product-moment correlation then

! : i was computed between the z score and the trial number. This correlation
i E i was -.977 (p < .05) indicating that the predictive validity of the single-
d task tracking correlations decreased significantly with practice. A
similar procedure conducted on the 25 dual-task correlations yielded a
correlation of .667 (p < .001) indicating the predictive validity of dual-
task tracking increased significantly with practice. As shown in Figure 3,

the predictive validity of the last two single-task trials deviates

s significantly from the trend established by the preceding single-task
trials. They do. however, appear to follow the general trend of the dual-
g task data and have a magnitude much more similar to that of the dual-

rather than the single-task correlations.
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To compare the predictive validities of single- and dual-task
performance, it is necessary to determine if the scores obtained on Trials
30 and 31 are valid measures of single-task performance after extensive
practice or if they have been '"contaminated" in some way by the intervening
dual-task practice. The pattern of intercorrelations between the single-
and dual-task trials given in Table 1 suggests that repeated practice under
dual-task conditions probably affected the technique the subjects used to
perform the single-task tracking task. Because timesharing skills are
learned in the dual-task tracking task, the correlation between the last
two single-task trials (Trials 30 and 31) and the last two dual-task
trials (Trials 28 and 29) should be approximately equal to or less than
the correlation between the last two early single-task trials (Trials 3
and 4) and the first two dual-task trials (Trials 5 and 6). However,
the average correlation between Trials 28 and 29 and 30 and_31 is .667
while the average correlation between Trials 3 and 4 and 5 and 6 is only
.324. Additionally, the average intercorrelation between Trials 3 and 4
(early single-task) and 30 and 31 (late single-task) is .353. These three
intercorrelations indicate that Trials 30 and 31 are less related to the
preceding single-~task trials and more related to the late dual-task
trials than would be anticipated, suggesting that something the subjects
used to perform under dual-task conditions may have been employed on the
last two single-task trials.

This "something"” probably is a dual-task response strategy, which is
reflected in the open-loop gain (the ratio of the amplitude of output

movement to the input movement) (Wickens and Gopher, 1977). Observation
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of subjects performing difficult compensatory tracking tasks (such as the

one used in this experiment) under single-task conditions indicates that
they frequently make large control movements, especially in the early stages
of practice. However, under dual-task conditions these large movements
often lead to a temporary loss of control on one or both tasks and very
large errors. Thus, under dual-task conditions small control movements

are best. Under single-task conditions small control movements also lead

to small errors and are less fatiguing than large control movements.

It is possible that the subjects initially used large control movements
under single-task conditions. The size of the control movements probably
was reduced gradually throughout the 25 dual-task trials. When the subjects
again performed under single-task conditions (Trials 30 and 31), they
employed the same type of strategy as on the immediately preceding trials;
they used small control movements, resulting both in a decrease in error
and an increase in the predictive validity. Additionally, because strategy
is a major determinant of dual-task performance (Damos, 1977), the correla-
tion between late dual-task and late single-task performance easily could
have been increased if a dual-task strategy had been employed during
single-task performance.

To determine if the subjects did modify th.ir control movements as
suggested above, it is necessary to perform a Control Theory Analysis on
the tracking data and obtain the open-loop gain on each trial. Such an
analysis could not be performed on these data and the explanation given
above remains speculative. Additionally, a unambiguous comparison of the

predictive validitiesof dual- versus late single-task performance cannot

be made.
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It is necessary to discuss the finding that the correlation between
averaged dual-task performance and the simulator score increased monotoni-
cally with practice. This finding complements previous research (Damos,
1978) showing that the correlation between a dual-task test and the perform-
ance on a flight check increased as the subject proceeded through flight
training. Damos hypothesized that this unprecedented increase was the
result of the development of timesharing skills; as the student progressed
through flight training, his timesharing skills were improved. Because
the laboratory test measured his timesharing skills, the correlation
between this test and the flight check score increased as timesharing
skills contributed more to flight performance even thought the inter-test
interval increased. If the maneuvers performed in the simulator in the
current experiment required timesharing skills and if timesharing skills
were learned in dual-task tracking, then the correlation between successive
blocks of dual-task tracking and the simulator score should increase,
which was observed.

Of course, an alternate explanation is that the inter-test interval
decreased with each successive block of dual-task trials. Because the
correlation between two measures generally increases as the inter-trial
interval decreases, the trend in the dual-task correlation could be
attributed solely to a decrease in the inter-test interval. This argument
is partially refuted by the trend in the early single-task trials; with
each successive trial, the correlation decreased monotonically although
the inter-test interval decreased.

In summary, the data reported in this experiment show the development

of timesharing skills under dual-task conditions. The correlation between




successive blocks of dual-task trials and performance in a simulator
increased while the correlation between successive early single-task
trials and simulator performance decreased. However, the last two single-
task trials showed a large increase in predictive validity, approximating
that of the final block of dual-task trials. Although this increase may
indicate that dual-task measures do not correlate more highly with
simulator performance than single-task measures, the pattern of inter-
correlations between single- and dual-task tracking scores suggest that

a multiple-task performance strategy may have been employed on the last

two single-task trials resulting in the large increase in correlation.
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